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539VZDVSURSRVHGDQGLQFOXGHGLQWRWKH9(5/,)(SURFHGXUH
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SRWHQWLDOFUDFN±VHH)LJ
WKXVQHZUHTXLUHPHQWIRUGHWHUPLQDWLRQRIWKHIUDFWXUHWRXJKQHVVYDOXHRI-PPZDVJLYHQDQGUHTXLUHPHQWVIRU
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FRQGLWLRQGHSHQGVRIFRXUVHRQWKHUHDFWRU W\SH LHRQLWV539
PD[LPXPGHVLJQIOXHQFH


)LJ3RVWXODWHGXQGHUFODGFUDFNSDUWLDOO\SHQHWUDWLQJLQWRFODGGLQJ
&RPSDUDWLYHFDOFXODWLRQVRI376
%DVHG RQ WKHVH UHVXOWV DQG SURSRVDO RI D QHZO\ GHILQHG SRVWXODWHG XQGHUFODG HPEHGGHG W\SH GHIHFW VRPH
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LQLWVGHHSHVW
SRLQWLVFRPSDUHGZLWKIUDFWXUHWRXJKQHVVGHSHQGHQFLHVWKHPD[LPXPDOORZDEOHWUDQVLWLRQWHPSHUDWXUHRIWKH539
PDWHULDO>7N@ 7NDLVGHWHUPLQHG
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XQGHUFODGFUDFNJLYHVPD[LPXPDOORZDEOHWHPSHUDWXUH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FRPSDULVRQZLWKVXUIDFHW\SHGHIHFW
XQGHUFODGFUDFNRI9(5/,)( W\SH HPEHGGHG)LJGHFUHDVHV 7NDE\ OHVV WKDQ& LQFRPSDULVRQZLWK
W\SLFDOXQGHUFODGGHIHFWEXWZLWKKLJKHUFRQILGHQFHRIWKHUHVXOWDVSURSHUWLHVRIWKHFODGGLQJDUHWDNHQLQWRDFFRXQW
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7HVWLQJWHQVLOHSURSHUWLHVRIFODGGLQJ
7HQVLOH SURSHUWLHV RI ERWK OD\HUV RI FODGGLQJ ZHUH GHWHUPLQHG LQ WKH WHPSHUDWXUH UDQJH EHWZHHQ URRP
WHPSHUDWXUHDQG::(5GHVLJQWHPSHUDWXUHLH&6SHFLPHQVZHUHRULHQWHGLQWZRPDLQGLUHFWLRQV±&
DQG/5HVXOWVRIWHVWLQJLVVKRZQLQ)LJ
&RPSDULQJREWDLQHGUHVXOWVWKHIROORZLQJFRQFOXVLRQVFDQEHPDGH
7HQVLOHSURSHUWLHV\LHOGVWUHQJWKDQGXOWLPDWHWHQVLOHVWUHQJWKRIWKHQGOD\HUDUHVRPHZKDWE\WR03D
KLJKHUWKDQRIWKHVWOD\HU
7KHUH LVSUDFWLFDOO\QRGLIIHUHQFH LQVSHFLPHQVZLWKGLIIHUHQWRULHQWDWLRQV LH&RU/±FODGGLQJ LVSUDFWLFDOO\
LVRWURSLFLQERWKGLUHFWLRQV
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WHPSHUDWXUHVV±VWOD\HUVV±QGOD\HU&/±RULHQWDWLRQRIVSHFLPHQV
7HVWLQJIUDFWXUHWRXJKQHVVRIFODGGLQJ
)UDFWXUHWRXJKQHVVRIDXVWHQLWLFFODGGLQJGHSHQGVSULPDULO\RQWKHSODFHZKHUHFUDFNWLSLVVLWXDWHGLHHLWKHULQ
WKHVWRUWKHQGOD\HU0RUHRYHUFODGGLQJLVZHOGHGRQWKHYHVVHOLQFLUFXPIHUHQWLDOGLUHFWLRQXVLQJVWULSVRIDERXW
PPZLGH$VFODGGLQJKDVXVXDOO\GHQGULWLFPLFURVWUXFWXUHDQGQRDXVWHQLWL]DWLRQZDVSHUIRUPHGDIWHUZHOGLQJ
IUDFWXUH WRXJKQHVVFDQGHSHQGRQ WKHRULHQWDWLRQRI WKHFUDFN LQ WKHVSHFLPHQVHLWKHU LQD[LDORUFLUFXPIHUHQWLDO
GLUHFWLRQ 7KXV PDQXIDFWXULQJ RI VXFK VSHFLPHQV KDYH EHHQ SHUIRUPHG ERWK OD\HUV RI FODGGLQJ PDWHULDO IRU
::(5ZHUH WHVWHG LQGLIIHUHQW WHPSHUDWXUHV LQ WKH UDQJHRIURRP WHPSHUDWXUH WRRSHUDWLRQ WHPSHUDWXUH LH
&
$VFODGGHG::(5539LQWHJULW\HYDOXDWLRQLVSHUIRUPHGZLWKWKHSRVWXODWHGGHIHFWDVLQ)LJYDOXHVRI-PP
DUH LPSRUWDQW ± WKXV WHVWLQJ ZDV SHUIRUPHG DW GLIIHUHQW WHPSHUDWXUHV EHWZHHQ URRP WHPSHUDWXUH DQG RSHUDWLQJ
WHPSHUDWXUH
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7KHIROORZLQJRULHQWDWLRQDQGORFDWLRQRIVSHFLPHQVWKUHHSRLQWEHQGLQJZHUHFKRVHQ±VHH7DEOH
7DEOH6SHFLPHQDQGFUDFNRULHQWDWLRQV
0DUNLQJ 0DWHULDO 6SHFLPHQ
RULHQWDWLRQ
&UDFNRULHQWDWLRQ &UDFNSURSDJDWLRQ
1$ 66 &5 SHUSHQGLFXODUWRZHOG LQWR%0
1% 66 &5 SHUSHQGLFXODUWRZHOG LQWRVV
15 66 5& SDUDOOHOWRZHOG 
NHL SS1/SS2 L-C parallel to weld 
1$ 66 &5 SHUSHQGLFXODUWRZHOG LQWR%0
1% 66 &5 SHUSHQGLFXODUWRZHOG LQWRVV
15 66 5& SDUDOOHOWRZHOG 
SHUSHQGLFXODUWRZHOG SHUSHQGLFXODUWRZHOGLQJGLUHFWLRQ
SDUDOOHOWRZHOG SDUDOOHOWRZHOGLQJGLUHFWLRQ
LQWR%0 WRZDUGVLQWREDVHPHWDO
LQWRVV WRZDUGVLQWRFODGGLQJ

$OOUHVXOWVDUHVXPPDUL]HGLQ)LJWR)LJ
)URP)LJVWRLVFOHDUO\VHHQWKDWIUDFWXUHWRXJKQHVVRIVSHFLPHQVZLWKRULHQWDWLRQSHUSHQGLFXODUWRZHOGLQJ
GLUHFWLRQ &5 DQGZLWK FUDFNRULHQWHGSDUDOOHO WR WKH VXUIDFH RI YHVVHOPDGH IURP WKH VW OD\HU LV VXEVWDQWLDOO\
KLJKHU WKDQ IURP WKH QG OD\HU LQ WKHZKROH WHPSHUDWXUH UHJLRQ ,Q WKH VDPH WLPH WKHUH LV QR HIIHFW RI WKH FUDFN
SURSDJDWLRQGLUHFWLRQLQWKHVHFRQGOD\HULHWRZDUGVEDVHPHWDORUWRZDUGVFODGGLQJLHLQWKHGLUHFWLRQLQWRWKH
YHVVHORURXWVLGHWKHYHVVHOZKLOHVRPHHIIHFWIRUWKHVWOD\HUFDQEHVHHQKLJKHUIUDFWXUHWRXJKQHVVYDOXHVZHUH
REWDLQHGIRUWKHGLUHFWLRQLQWREDVHPHWDOLHLQVLGH
6LPLODUUHVXOWVDUHVKRZQDOVRIRUVSHFLPHQRULHQWDWLRQ/&LHSDUDOOHOWRWKHZHOGLQJGLUHFWLRQDVYDOXHVIURP
WKHQGOD\HUDUHPXFKORZHUWKDQIURPWKHVWOD\HUVLPLODUO\DVIRURULHQWDWLRQ&5


)LJ7HPSHUDWXUHGHSHQGHQFHRIVWDWLFIUDFWXUHWRXJKQHVV-PPRIVWOD\HURIFODGGLQJ
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
)LJ7HPSHUDWXUHGHSHQGHQFHRIVWDWLFIUDFWXUHWRXJKQHVV-PPRIQGOD\HURIFODGGLQJ


)LJ&RPSDULVRQRIWHPSHUDWXUHGHSHQGHQFLHVRIVWDWLFIUDFWXUH-PPRIWKH
VWDQGQGOD\HUVZLWKVSHFLPHQRULHQWDWLRQSHUSHQGLFXODUWRZHOGLQJGLUHFWLRQ
)LJXUHVDQGJLYHVFRPSDULVRQRI WKHHIIHFWRIFUDFNRULHQWDWLRQRQIUDFWXUH WRXJKQHVVYDOXHV1+/PHDQV
RULHQWDWLRQRI WKH FUDFNSHUSHQGLFXODU WR WKH VXUIDFH LH WKURXJKERWK OD\HUVRI FODGGLQJZKLOH VSHFLPHQV1$
1%1$DQG1%KDGFUDFNRULHQWDWHGSDUDOOHOWRWKHVXUIDFH7KXVFUDFNLQVSHFLPHQVVHHPVWREHLQLWLDWHGIURP
WKHZHDNHVWSRLQWRIERWKOD\HUVZKLOHLQRWKHUVSHFLPHQVWKHIUDFWXUHWRXJKQHVVYDOXHFKDUDFWHUL]HGRQO\RQHRIWKH
OD\HUVHLWKHUWKHVWRUWKHQGRQH
,WLVFOHDUO\VHHQWKDWWKLVWKURXJKWKLFNQHVVRULHQWDWLRQRIWKHFUDFNJLYHVORZHUYDOXHVLQFRPSDULVRQZLWKRQO\
VW OD\HUEXWKLJKHUYDOXHV LQFRPSDULVRQZLWK WKHQG OD\HUZKLFK LV IXOO\FRQVLVWHQWZLWKSURSHUWLHVRI LQGLYLGXDO
OD\HUV,QWKHVDPHWLPHLWVXSSRUWVWKHH[SHFWDWLRQWKDWFUDFNLVLQLWLDWHGLQWKHZHDNHVWSRLQWSURSHUWLHV
*HQHUDOO\WHVWUHVXOWVRIVSHFLPHQIURP::(5539FODGGLQJVKRZVWKDW
IUDFWXUHWRXJKQHVVRIWKHVWOD\HULVPXFKODUJHUWKDQRIWKHQGRQH
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IUDFWXUHWRXJKQHVVIRURULHQWDWLRQ&5LQWKHVWOD\HULVFRPSDUDEOHZLWKRULHQWDWLRQ5&EXWODUJHULQWKHQG
OD\HU
IUDFWXUHWRXJKQHVVRIVSHFLPHQVZLWKRULHQWDWLRQ/&LHZLWKFUDFNVSHUSHQGLFXODUWRWKHVXUIDFHRIFODGGLQJ
LVJLYHQE\WKHZHDNHVWSRLQWLQWKHFUDFNIURQWLHYDOXHVDUHFORVHWRWKHQGOD\HU
$GGLWLRQDOO\ DYDLODEOH H[SHULPHQWDO GDWD RQ LUUDGLDWHG FODGGLQJ VSHFLPHQV IURP ::(5 539V KDYH EHHQ
FROOHFWHG DQGHYDOXDWHG$VD UHVXOW WKH IROORZLQJ)LJ  FDQEH FRQVWUXFWHG WKDW LV DOVR DEDVHV IRU9(5/,)(
SURFHGXUHRQFODGGLQJSURSHUWLHVDVVHVVPHQW


)LJ&RPSDULVRQRIWHPSHUDWXUHGHSHQGHQFLHVRIVWDWLFIUDFWXUH-PPRIWKH
VWDQGQGOD\HUVZLWKVSHFLPHQRULHQWDWLRQSDUDOOHOWRZHOGLQJGLUHFWLRQ

)LJ&RPSDULVRQRIWHPSHUDWXUHGHSHQGHQFHRIVWDWLFIUDFWXUHWRXJKQHVV
-PPRIVWOD\HURIFODGGLQJZLWKWKURXJKFODGGLQJFUDFNRULHQWDWLRQ
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
)LJ&RPSDULVRQRIWHPSHUDWXUHGHSHQGHQFHRIVWDWLFIUDFWXUHWRXJKQHVV
-PPRIQGOD\HURIFODGGLQJZLWKWKURXJKFODGGLQJFUDFNRULHQWDWLRQ

)LJ*HQHULFGHSHQGHQFHRIIUDFWXUHWRXJKQHVV-PPIRUFODGGLQJLQ::(5539V
)LQDOO\EDVHGRQDOOWKHVHUHVXOWVWKHIROORZLQJWH[WLVLQFOXGHGLQWKH9(5/,)(>@SURFHGXUHIRUDVVHVVPHQWRI
IUDFWXUHWRXJKQHVVRI::(5539FODGGLQJIRU376FDOFXODWLRQV
x ,QWKLVFDVHWKHLQWHJULW\RIFODGGLQJDERYHWKHSRVWXODWHGGHIHFWGXULQJWKHZKROH$QWLFLSDWHG2SHUDWLRQDO
7UDQVLHQWV$27RU(PHUJHQF\&RROLQJ(&UHJLPHVKDVWREHYHULILHG$VVHVVPHQWRIGXFWLOHWHDULQJIRUWKH
SDUWRIWKHSRVWXODWHGFUDFNIURQWO\LQJLQWKHFODGGLQJVKDOOEHEDVHGRQ-5FXUYHDSSURDFK-YDOXHVIRUDOOWLPH
VWHSVRIWKHUHJLPHVKDOOEHFDOFXODWHGLWLVVXIILFLHQWWRFDOFXODWH-YDOXHVRQO\IRUWKHPLGGOHSRLQWRIFUDFN
IURQWLQFODGGLQJ
x 7KHVH-YDOXHVKDYHWREHIRUDOODVVHVVHGWLPHVWHSVVPDOOHUWKDQWKHHQGRIOLIHYDOXHRIWKHDSSURSULDWH-5
FXUYHFRUUHVSRQGLQJWRPPFUDFNH[WHQVLRQLH-PPYDOXH7KH-PPYDOXHVIRUGLIIHUHQW::(5539V
DUHVSHFLILHGDVIROORZV
D ,IQR539VSHFLILFGDWDDUHDYDLODEOHJHQHULFYDOXHVRI-PPDUH
 LIRUQRQLUUDGLDWHGPDWHULDOV N-PDW&
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        N-PDW&DQG
        N-PDW&
 LLIRULUUDGLDWHGPDWHULDOV  N-PIRU::(5539DQG
      N-PIRU::(5539
E ,IFRPSRQHQWVSHFLILFGDWDDUHDYDLODEOHWKHQH[SHULPHQWDOO\GHWHUPLQHG-PPGLYLGHGE\VDIHW\IDFWRU
VKDOOEHXVHG
7KXV DXVWHQLWLF FODGGLQJ FDQ SOD\ DQ LPSRUWDQW UROH LQ WKH DVVXUDQFH RI WKH 539 LQWHJULW\ GXULQJ 376 W\SH
UHJLPHV±VXIILFLHQWO\KLJKIUDFWXUHWRXJKQHVVRIWKHVWOD\HUFDQSUHYHQWDGHYHORSPHQWRIWKHIDVWIDLOXUHIURPWKH
SRVWXODWHG GHIHFW 2ULHQWDWLRQ RI WKH SRVWXODWHG GHIHFW FDQ EH HLWKHU FLUFXPIHUHQWLDO RU D[LDO RQH WKHQ IUDFWXUH
WRXJKQHVVRIWKHFODGGLQJZLWKWKHVHERWKRULHQWDWLRQVRIWKHFUDFNPXVWEHWHVWHGDQGDVVXUHG
&RQFOXVLRQV
x )UDFWXUHWRXJKQHVVRIFODGGLQJPDWHULDOLVDQLPSRUWDQWYDOXHIRUHYDOXDWLRQRILQWHJULW\RI539VHVSHFLDOO\IRU
::(5W\SHGXULQJ376W\SHUHJLPHV
x 7RDVVXUH539LQWHJULW\DVXIILFLHQWOHYHORIIUDFWXUHWRXJKQHVVRIFODGGLQJLVUHTXLUHG
x ([SHULPHQWDOSURJUDPRQWHVWLQJVHPLODUJHVFDOHVSHFLPHQVZLWKFODGGLQJDQGXQGHUFODGGHIHFWVZDVSHUIRUPHG
WRPRGHOVLWXDWLRQVGXULQJ376
x 5HVXOWVIURPWKLVSURJUDPVKRZHGWRWKHLPSRUWDQFHRIVRPHPLQLPXPYDOXHRIIUDFWXUHWRXJKQHVVRIWKHVW
OD\HURIFODGGLQJWRDVVXUHWKHDUUHVWRUQRQGHYHORSLQJRIXQGHUFODGW\SHRISRVWXODWHGGHIHFWV
x 7KXVPRGLILHGXQGHUFODGW\SHGHIHFWHPEHGGHGPPLQWRWKHVWOD\HURIFODGGLQJZDVLQWURGXFHGLQWRWKH
,$($9(5/,)(*8,'(/,1(6)25(9$/8$7,212)&20321(176$1'3,3,1*,1::(57<3(
133V'85,1*23(5$7,21>@
x 7RDVVXUHDSURSHUNQRZOHGJHDERXWIUDFWXUHWRXJKQHVVSURSHUWLHVRIFODGGLQJPDWHULDOVVSHFLPHQVIURPERWK
OD\HUVDVZHOODVRIKHDWDIIHFWHG]RQHXQGHUFODGGLQJDUHLQFOXGHGLQWKH6XUYHLOODQFH6SHFLPHQ3URJUDPVRI
::(5DQG::(5UHDFWRUSUHVVXUHYHVVHOVLQWKH&]HFK5HSXEOLF
5HIHUHQFHV
>@ ,$($9(5/,)( *8,'(/,1(6 )25 (9$/8$7,21 2) &20321(176 $1' 3,3,1* ,1 ::(5 7<3( 133V '85,1*
23(5$7,21,$($9LHQQDLQSULQW

